A summary of these costs is given in Table 1 .
The question to be considered is: Are both S3^sterns equally cost effective? Eased upon life-cycle cost alone,
we would have to conclude that the answer is yes. Now, a look at Table 1 In applying this concept, one normally specifies a rate representing the worth of money which is used to computf the discount factor. This rate is a compound interest rate which considers the cost of obtaining money and in some cases the risk of program termination. Little or no guidance exists for evaluating the factors inherent in this rate. Two deficiencies are noted in applying the concept of discounting.
One, since an arbitrary interest rate is normally used, it does not reflect any differences in system or program characteristics. In using a single rate, no distinction is made between the risk of military obsolescence and the interest cost of money. While many arguments exist for using a 5, 7, or 10 percent rate, little attention has been directed towards computing a rate which is characteristic of the system itself. Use of a common arbitrary rate implies that in an economic sense each system to be compared will behave in an identical manner. This certainly is not true and must lead to erroneous conclusions concerning the relative merits of competing systems.
Second, escalation of program cost due to inflation and The equivalent compounded rate of worth of money is then computed as:
In equation (1), if i is greater than zero, growth exceeds the escalation of cost. In this case, for equivalent effectiveness and influencing factors, the preferred system is that where the major portion of life-cycle costs are encountered toward the end of the operational period.
However, when i is negative, cost escalation is greater than growth of principal. Here, the selected system is that where the major portion of life-cycle costs are encountered early in the program, assuming equal effectiveness and influencing factors.
The rates for inflation, interest, and GNP are readily A -measure of the technological advance to complete the system. This is a subjective index ranging from 5 to T -Calendar year of the estimate.
We thus consider that the cost estimate will increase or decrease by the factor F at the end of the procurement period N. If E is the estimate, we can compute an equivalent compound interest rate (i r ) reflecting technological risk as follows:
This rate should be applied in conjunction with equation (2) Now, let C R be the RDT&E cost, CI n the initial investment expended in year n, relative to the year CR was incurred, and R n the operation and maintenance cost incurred during year n. If i is the rate at which the worth of money is to be computed, v = l/(l+i) is the discount factor or present equivalent cost of a dollar to be spent a year hence. When v is less than one, growth of principal exceeds the escalation of cost. If v is greater than one, cost escalation is greater than growth of principal.
Assuming expenditures can be considered to take place at the beginning of each fiscal or calendar year, the present equivalent cost of an expenditure through r years is given as:
P(r) = C r + CIi + Rj + (CI 2 + R 2 )v + (CI 3 + R 3 ) V 2 +. . .+ (CI r + R r ) v^-1
We can see that the present worth of expenditures during r years is dependent upon both the schedule of operational unit deliveries as indicated by CI r and the annual operation and maintenance of those units in inventory, R r .
In applying equation (2), the rates comprising i of equation (1) In this way, variable payments can be translated into fixed annual payments which can be used as a standard or index to compare the cost effectiveness of various systems.
The present worth of fixed annual payments x for N years is:
Since the sum to be borrowed, P(N), must equal the above, we compute as the index, the equivalent fixed annual charge:
Since the value of P(r) is a cumulative result for r years, it explains little about the efficiency with which money is being spent in each of the r years. Hence, E(r) is used as the index since it is an indication of the efficiency by which money is utilized in that it measures the rate of 13 expenditure per year over the period r. If E(r) were tabulated for each year the minimum value would indicate the optimal period (r 0 ) for spending the funds. Hence, r 0 is the solution to the following inequality: E(r + 1) > E(r) < E(r -1) Now, if the operational life of the system, N, is less than r Q , E(N) represents the index for selecting the cost effective system. The values of E(r) are monotonically decreasing to a minimum at N years. In this case, system replacement would not be considered.
However, if r Q is less than the operational life, replacement may be required to achieve the most efficient spending of funds. Values of P(N) would be computed for various trial replacement intervals. The value of the minimum P(N) not only signifies the best replacement period but also the most efficient utilization of funds.
The methodology for selecting the most efficient replacement scheme depends upon the constraints of the problem. In many cases, systems are not amenable to substitution by producing new items. Once production has ceased, start-up may be impossible for a variety of reasons. Also, start-up may not be possible at arbitrary points in time to comply with some optimum replacement method.
There are, however, systems in which a replacement policy is ideal. Depending upon the system, the replacement policy can be determined by use of P(N). It is a simple matter to construct a computer program to compute the feasible replacement intervals and the corresponding P(N).
The minimum P(N) defines the optimum replacement strategy.
In lieu of the above, use may be made of equation (3) .
The year which corresponds to the minimum E(r), r Q , can be used as a base to compare competitive systems where replacement is to be considered. The index is E(r 0 ) and compares the optimum E(r) values of various systems where replacement is desired. While it does not necessarily give the optimum replacement interval for N years of operation, it does indicate that there is a strategy such that the selected system will beat the other systems.
Where replacement is not to be considered, the index for use in selecting the most cost effective system is E(N). Again, N represents the number of years that the system is to be in operation. The system with the minimum E(N) is that where the most efficient use of funds is made. Hence, on a cost effective basis, this system should be chosen.
SECTION V APPLICATION
The hypothetical problem of evaluating System A and System B will be utilized to illustrate the application of the index. The data in Table 1 will serve as the base.
The value of i will be taken as ten percent. Hence, we are comparing the systems on the basis of a ten percent worth of money. The present equivalent costs for the first ten years of operation have been computed using equation (?) and are tabulated in Table 2 . The corresponding indices E(r) were computed from equation (3) and are tabulated in Table 3 using a ten percent interest rate for q. Hence, v-^ = .9091 and in this example has the same value as v.
From Table 3 , it can be seen that for System A, the minimum value of E(r) occurs in the ninth year, whereas for System B, the eighth year. Using these values for r Q , we can now compute the index which relates cost effective life, life-cycle cost, and present equivalent cost.
For System A, P(9) = $11,097,000 (See Table 2) E(9) = 1 -.9091 11097000 = $1,75?,000 1 -.4941
For System E, P(C) = $9,3 52,000
E (8) 1635   TABLE 3 18 Thus, the equivalent fixed annual charge of borrowing funds, i.e., the index E(3), for purchasing and operating System A for nine years at an interest rate a is $1,752,000. The straight average annual cost for System A for nine years is $1,57C,000. The average ten year life-cycle cost is $1,600,000. Since the equivalent fixed annual charge includes the cost of borrowing, it is always higher than the straight average annual cost for an identical period of time.
The equivalent fixed annual charge for System E is Table 4 , for a ten year period, using a ten percent rate for q, the index, E(1C), for Sj-stem A is $5,673,000 and for System E, $7,374,000. Hence, for equal risk, System A becomes the more attractive choice.
If instead of a ten year operation, a four year program is selected, a study of Table 4 will reveal that System B offers the least cost. Thus, it is almost axiomatic that the least cost system is not an absolute, but rather a function of the underlying assumptions. Under the assumption of straight discounting and for under four years of operation, TABLE 4 21 lowest yearly operation and maintenance cost is the most cost effective system.
Referring back to Table 1 , it is rather obvious from the cost of procurement that System A is more involved that System E. Let us suppose that this difference is due to the fact that A requires more research and development since it is a more sophisticated piece of equipment. System B, although it performs an equivalent function, is a modified off-the-shelf type of equipment.
Hence, A incurs more of a technological risk than B.
Now, assume the risk to A to be twenty percent, and the risk to B to be five percent. The column on the far right in Table 4 shows the index for B for the five percent risk
In the previous example, equal weight was given to the risk involved in both systems, creating bias in favor of the more technologically advanced system. Assuming a more realistic risk factor, System B shows a marked superiority, as far as cost is concerned, over A for each of the ten years considered. Under these conditions, the risk involved in successfully developing the more advanced system does not justify the cost.
The index E(r) also indicates the efficiency of spending. In Table 4 it can be observed that as the years r increase, E(r) decreases until it reaches a minimum. From this point, it begins to increase. For System A, it is noted that the period of most efficient 22 usage is five years, i.e., r 0 is five, whereas, for System B, r Q is three years for a twent}' percent risk and four for a five percent risk. Comparing these figures with those obtained from Table 3 , it is quite evident that under the assumption of straight discounting, i.e., growth only, the funds are more efficiently used towards the end of the program. However, when escalation exceeds growth, the optimum periods are incurred earlier in the program.
When growth and escalation are equal, the index is monotonically decreasing, indicating that the longer the operational life, the more efficient is the spending. If replacement is to be considered, the values of E(r 0 ) may be compared. The system with the least E(r Q ) has a replacement scheme whereby the most efficient utilization of funds is made. Whenever the value of v is less than one, the optimum replacement interval is r Q .
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Otherwise, the optimum replacement scheme is determined from computing P(N) for various intervals. That set of intervals, not necessarily equal, which yields the least value for P(N) is the optimum method of replacement.
SECTION IV LIMITATIONS ITT APPLICATION
While the index is designed for general application, there are limitations which restrict its use. In using the index, an assumption is made that the influencing factors are roth relatively constant and equally applicable with respect to the total inventory of programs. This in effect assumes peacetime conditions where economic resources devoted to military defense is limited. Furthermore, in this connection it is assumed that priorities are not going to change to such an extent that cost is of no concern.
Second, the cost estimate upon which the computed index is based must be reasonably accurate. Although it is unrealistic and arbitrary to set a bound on the accuracy, it is, however, pointed out that if the inaccuracies in The index provides a vehicle for exploring the consequences of reasonable assumptions about the systems in question. Use of this index permits one to combine these assumptions in terms of a rate which is peculiar to the system and the time period during which the system is to operate. Because of this, the index reduces the subjectiveness inherent in utilizing an arbitrary discount value which neither properly considers the net effect of the various influencing factors nor reflects the characteristics of a given system . Life-cycle cost alone is not sufficiently inclusive to be used as a yardstick for the selection of a cost effective system. Equal life-cycle cost does not imply equal cost effectiveness. An index is developed which in addition to life-cycle cost, includes cost effective life span, expenditure chronology, system phase-in structure, and the present equivalent cost of money expended at a future date. Although the index does not determine military effectiveness, it does permit the cost comparison of various systems or programs on a logically compatible and equivalent basis.
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